Increasing economic growth coupled with rapidly expanding populations in developing countries has led to the emergence of a large "consumer class". This rapid increase in consumption has altered household consumption behaviour and resource use, often adversely affecting their environmental footprint. There is, therefore, a pressing need to understand the effect culture has on product interactions, particularly when designing new products and systems for emerging markets. This paper presents the findings of an in depth user study which set out to explore the effect of culture on household resource use. In depth, qualitative user research was undertaken into the laundry procedure in three regions. Incontext interviews, observations and household tours were carried out in 19 households across three sites; The East Midlands, UK; Curitiba, Brazil; and Bangalore, India. Findings show significantly different behaviours in washing techniques, routine, consumption patterns and aspirations. The results inform the development of a methodological cultural resource as well as set of 7 design guidelines to understand the effect of designing interventions for sustainable behaviour in different cultural contexts.
Introduction
Over the last half-century the increasing strain on the earth's finite resources has meant that sustainable development has gained increasing prominence in governmental policy around the globe (Jackson, 2009) . One of the main causes for this environmental degradation has been the rapid industrialisation of developed countries (Smith, 1997; Green & Vergragt, 2002) .
Traditionally this over-consumption from developed 'Western' economies has been counteracted by 'under-consumption' in developing countries. If everyone lived like the average UK consumer we would require 3.4 planets to support our resource use, whilst in India it is just 0.4 planets (Global Footprint Network, 2010) . However this imbalance is now changing as large emerging markets, with millions of new consumers, are growing rapidly in developing countries following the 'Western' model of consumption.
Despite efforts to reduce resource consumption through increased technological product efficiencies, household energy use has increased (Tang & Bhamra, 2012) . In recent years, however, there has been a growing research area in design to reduce resource impacts during the use phase of products or services (Lockton et al., 2008; Petterson and Boks, 2008; Lilley, 2009) . Until recently however these have tended to focus on research of a single context with limited cross transferability or insight into other contexts. The few projects that have used cross-cultural studies have generated significant insights into the differences of user behaviour; however they have been very exploratory in their nature and left the door open for further studies (see Matsuhashi et al., 2009 and Elizondo, 2012 for examples).
There is a pressing need to understand cultural differences in behaviours, particularly in the context of designing less resource intensive products and services; however this requires a deep-rooted understanding of the social, cultural and personal norms of a region. Culture plays a crucial role in the energy impact of household behaviours; however, it is an area that has been neglected in the research (Shove, 2003; Pakula & Stamminger, 2010; Laitala et al., 2012) . The aim of this research paper is to understand the antecedents of household behaviour and how they can be affected in different cultural contexts. The results enable designers to act on previous design for behaviour change theory outlined by Lilley (2009) , Lockton et al. (2008) and Petterson and Boks (2008) to create products which motivate more sustainable behaviours.
In the next section the complex terms of culture and design for sustainable behaviour are introduced with relevance to the research. In section 3 the methods for in-depth user-centred research into laundry behaviours in the UK, Brazil and India are presented. In section 4 the findings from the study are outlined before section 5 discusses how the results have led to the development of a set of cultural factors and a set of guidelines. Finally the paper concludes by discussing the potential application for the research in changing behaviour through design by moderating designs towards desired behaviours.
Theory
Culture is a divisive term that causes considerable debate amongst academics. Using culture as an explanatory concept can reduce clarity and confuse readers because of the ambiguity of its definition. Understanding anything about human everyday life can be described as a cultural research project (Wilhite, 1999) . Despite the controversy, the few design studies that have used culture as a source of inspiration have generated varied and insightful results (Wilhite, 2008; Matsuhashi, 2009; Kuijer, 2010; Elizondo, 2012) .
A cross-cultural study is one that "explicitly aims to highlight cultural similarities and differences in one or another aspect of everyday life, and use them to open avenues of theoretical enquiry" (Wilhite, 1999; p2) . Definitions for the term have been researched extensively in classical anthropology, with common themes emerging such as the importance of symbolic values, shared knowledge, learned behaviour and collective communication (Kroeber & Kluckhohn, 1952; Geertz, 1973; Banks & McGee, 1989) .
Importantly, culture is collective with people living within a defined social environment sharing patterns and perceptions which impact heavily on their attitudes and behaviours (Chau et al., 2002) . Although divisive, it is clear that culture and its encompassing terms can be used to inspire designers to new ways of thinking about problem solving, provided a clear definition can be articulated. For this reason culture, in the context of this research, has been defined as: the shared patterns of behaviours, interactions and understanding learned by a collective group of people.
In business and organisational theory one of the main models used to understand people in different cultures is Hofstede's Cultural Dimensions (1980) . Hofstede identified 5 values that differ between cultures and can be used to explain the relationship between employees in a global organisation. These values were: the power distance index (acceptance of hierarchy), collectivism/individualism (sense of belonging to the larger group), masculinity (competitiveness and ambition), uncertainty avoidance index (minimising uncertainty), and long-term orientation (short-term or long-term foresight) (Hofstede, 1980) . As the introduction alluded to, technological advancements creating more efficient appliances tend to be nullified by an increase in consumption (Steg & Vlek, 2009 ). In reality, individual behaviours can have a far greater effect on household resource consumption than the technological improvements in product efficiencies (Wilson et al., 2010) . Similar to culture however, behaviour is a complex topic that spans across many different fields of research. Behaviours around the home are often habitual, formed as part of routines, with little or no cognitive thought beyond the initial completion of the task (Steg & Vlek, 2009; Goldsmith & Goldsmith, 2011) . Cultural context strongly affects the formation of habits through the definition of internal characteristics (attitudes, values, etc.) and external characteristics (physical constraints, social practices, etc.) (Triandis, 1980) . Habits are developed over a long period of time, with social, environmental and contextual influences and are affected by the understanding, motivation and ability of individuals to change their actions (Abrahamse et al., 2005; Steg, 2008) .
One key factor integral to developing behaviours is personal motivations. Social theorists suggest that an individuals' perceptions of themselves and the others around them will determine their behaviour (Steg & Vlek, 2009 ) with consumption patterns fitting into a social order a common feature amongst consumers (Wilk, 2002) . Individual choice theorists, however suggest that motivations come from weighing up the greatest benefit from the lowest cost (Steg & Vlek, 2009) . Whilst motivational factors are important, they are not the sole attribute influencing behaviour. An individuals' surroundings; their context and physical environment such as culture, social class, education, climate, geography, public policy, taxes, cost of goods, etc, will also influence behaviour (Stern, 1999) .
There are two predominant theories used to understand everyday behaviour in a design context. These theories introduce the idea of either defining the psychological rational antecedent of an individual's behaviour as an actor (behaviour theory), or to define it based on how societal elements create action or practice (social practice theory). Although Shove's Practice Orientated Product Design Manifesto (Shove, 2006) has introduced the idea of practice into the design process, the number of design studies that have used this approach are still fairly limited Haines et al., 2012) . Shoves definition of design, focused on isolated, individual and non-temporal components is also argued to be a limited and out-dated way of thinking about design, with current thinking focused around the user's relationship with the internal and external factors that impact and define their context of use and experience (Wilson, 2013) . Behaviour theory has well defined models with clear applications and limitations whilst practice theory is limited by its broad, ill-defined concept and lack of application in design cases (Wilson, 2013) . Therefore, behaviour theory is used as a basis to build upon in this research.
Design for Sustainable Behaviour (DfSB) attempts to introduce design strategies to influence consumer behaviour towards more sustainable action during the use phase of a product (Lilley, 2009) . Designers have the opportunity to challenge and affect habit formation through shaping user perception, learning and interaction (Wilson, 2010; Tang & Bhamra, 2012) . Lilley (2009) argues that there is an axis of influence between the user and the product that determines where the power in decision making lies, see Figure 1 . At one end the user makes an informed decision to change behaviour based on real-time aural, visual or tactile information or feedback. At the other end of the axis are technology driven solutions that use intelligent technologies to dictate the mode of use entirely. Understanding this axis of influence allows the designer to position an intervention that balances the needs of the user with the nature of the targeted behaviour (Hanratty et al., 2012) . Technology driven solutions may not require the user to alter their behaviour consciously, whilst putting the user in control may involve building an emotional relationship between the user and the product, helping to reduce product obsolescence and increase longevity (Chapman, 2005) . Whilst powerful in their intent, these design intervention strategies can only be effective if the various approaches are correctly matched to users' needs, understanding and motivations (Hanratty et al., 2012 ).
Lilley's original axis has been considerably built upon over the last five years or so. Lidman et al. (2011) propose a model based on the original axis using the strategies developed by Tang (2010) and Wever et al. (2008) to suggest a classification with five strategy categories along the axis of control: Enlighten, Spur, Steer, Force and Match. Zachrisson et al. (2011) build on the work of Lilley and Tang by identifying a link between the factors that affect a behaviour and the control element of the approaches. Zachrisson suggests that the more control a user has, the more cognitive load the behaviour requires (Zachrisson et al., 2011) .
The rapid advancement of theory and growing number of researchers in this relatively new field is testament to the importance of design for sustainable behaviour. However, rather than a direct development of design for sustainable behaviour theory, this research aims to develop a parallel strand of research relating to cultural context, and therefore requires a well established and tested theory to underpin the research. For this reason, Lilley's original model is a useful tool as it has well documented applications and limitations in design studies. (Lilley, 2009) Laundry and its related topics is an interesting area of study within the research context as it is one of the most widespread household chores in the world and plays an integral part in the everyday logistics of running a house and establishing self-identity (Pink, 2005; Pakula & Stamminger, 2010) . It is a multifaceted process involving more than just cleanliness with social and technical aspects (what needs to be washed, when, what tools need to be used, by whom?) making it a complex household system (Shove, 2003) . It can be an incredibly energy intensive form of housework, however working out the exact energy implications is difficult as the system is made up of a huge range of variables influenced by technological, cultural, social and moral norms (Shove, 2003) . The age and type of the washing machine affects the energy consumption of the act of laundering as much as the climate of the region or the upbringing of the person doing the laundry (Laitala et al., 2011) . Despite huge technological efficiency gains in washing machines, overall energy consumption has increased as consumers have altered the method and frequency of washing and drying (Laitala et al., 2011) . Part of this is because energy consumption, particularly when bound up by routine and habit with the use of tools or appliances in a household environment, is simply invisible to the consumer (Shove, 2003) . Consumers tend to associate environmental issues with clothing at the end of life; giving it to charity or re-using it, however washing habits and the resource implications vary greatly between cultures with behaviours adjusted to local conditions (Laitala et al., 2011) .
Previous research has identified several themes that act as an important base from which to build on. In Shove's study on laundry behaviours, she identified 5 'Whirlpools of Laundering' which help to understand the meanings of doing the laundry including: tools of laundering, when to launder, what to launder, why launder, and how is the laundry done. Other studies by Laitala et al. (2011) and Uitdenbogerd (2007) have revealed a list of sustainable laundry behaviours identified in Table 1 below.
Sustainable Laundry Behaviours:
 Wash in cooler water  Wash less frequently  Use less detergent  Use natural detergent  Control the water and energy levels to suit a particular wash  Re-use waste water  Line-dry clothes  Fill the machine to the optimum level 
Methods
To investigate the opportunities different cultural contexts create for sustainable design indepth user research into laundry behaviours was investigated as this was an area of particular interest identified in previous research.
The research was conducted in three sites; Curitiba, Brazil; Bangalore, India; and Loughborough, UK. The data collected from the study was not designed to draw out statements that were indicative of an entire country or population. Instead, Brazil, India and the UK were chosen as study areas as they show extensively different cultural characteristics with a contrast in levels of economic development and environmental rankings, whilst also having large populations and established or growing markets, highlighting the different contexts that designers often have to design for (Spencer & Lilley, 2012) . The study built upon data from previous quantitative studies (Greendex, 2010; Spencer & Lilley, 2012) as well as developing themes from specific laundry and cross cultural studies (Shove, 2003; ), using well established design research methods.
In terms of laundry facilities, ownership of washing machines in the UK is almost universal (96%) and 57% of households own a tumble dryer (ONS, 2011) . In Brazil 41.5% of households own a washing machine, although this figure is growing (IBGE, 2009 ) and almost all washes are in cold water (Greendex, 2010) . In India 14% of urban and 7% of rural households own a washing machine; however, rises of 19% are expected by 2015 (Euromonitor, 2011) . Cold water washing is also common (Greendex, 2010) .
Curitiba, Bangalore and Loughborough were chosen as study sites for having either an established or emerging consumer class, as well as for practical reasons, with research connections at organisations in all locations. Funding for data collection was provided by the Design Research Society and Santander.
Three data collection techniques were used; contextual observation, household tour (with video), and contextual interview.
Contextual observation and interview are common data collection techniques in qualitative research as they help in collecting information relating to people's behaviours and activities as they occur in real-world settings rather than a controlled environment (McClelland & Suri, 2005) . Interviews were semi-structured around themes identified in the literature (tools, frequency, routine and perceptions).
The household tour allowed the participant to reveal their thoughts regarding artefacts and experiences within their environment whilst the investigator interprets these thoughts relevant to the research (Wilson, 2012; Pink, 2005) . Walking with the participants in their environment can prompt the participant to reveal their thoughts or actions around certain artefacts or actions that would not have otherwise been apparent using just the interview method (McClelland & Suri, 2005) . One limitation of observation is the potential short term nature of the technique, however video helped to reduce this as Pink states "in the absence of long-term participant observation, video therefore provides alternative routes into other people's lives that can produce both a record of the research encounter as it happened, actions as they were performed and experienced, and spoken and embodied narratives" (Pink, 2005; p277) .
The study was conducted by one investigator across the 3 sample sites from May to August 2012 with visits to households lasting approximately 1.5 -2 hours. The study was conducted in 6 households in the UK and India and 7 in Brazil (19 in total).
Participants for the intensive study were young, middle income consumers. Research on consumer segmentation is generally limited, particularly in emerging markets (Schäfer et al., 2011) and little cross-country comparisons exist. Table 2 highlights the consumer groups that were identified in each country and the characteristics associated with each group. The analysis of the research took on a theoretical thematic analysis whereby codes were originally focussed on relevant themes identified in previous research, predominantly by Shove (2003) . These themes provided a useful base to build upon by using prior research to expand and progress the study area (Shove, 2003; Braun & Clarke, 2006) . In some instances data were coded on a semantic level, dealing with the obvious description of the activity undertaken, purely at a surface level. However, further coding and analysis at a latent level went beyond the surface to identify underlying ideas and assumptions creating themes that are not just descriptive, but already theorised (Braun & Clarke, 2006) .
Results
In this section the findings from the study into laundry behaviours in Curitiba, Bangalore and 
How to launder
One of the key themes from previous research and one of Shove's (2003) 5 whirlpools of laundry is the technique of how people do the laundry. In Brazil the majority of participants dried their clothes on drying racks in the laundry room, although there was a common dislike to drying clothes when it was cold or humid because it took longer to dry -often laundry was delayed because of this. Similarly in India washing would be less frequent in the wetter months of the year because it takes longer to dry. In the UK 50% of participants dried their clothes outside because it was free and the clothes smelt better, whilst the other half did not dry their clothes outside because they could not rely on the weather.
Within the Brazilian sample, the most common time to do the laundry was at the weekend as this was when they had the most free time -sometimes washing two batches if necessary.
In the UK and India there was no set time amongst participants specifically for laundry. This does, however, tie in considerably with home help. In India all households had home help that came at least once per week, but often for a few hours each day. They would help with the household chores, especially laundry. In Brazil, home help was prevalent in all households, however to a lesser degree -often once every week or fortnight. In the UK, none of the participants had any form of home help. In Brazil and the UK users complained that they were not sure if the detergent mark on the machine was for liquid detergent or powder detergent.
One of the biggest differences across the regions was the built environment. All of the Brazilian participants had some form of laundry room; either a large room off the kitchen or a small separated area on the end of the kitchen. They were deemed important by the participants, particularly for drying clothes where space in the apartment is tight. In India, washing machines were located in different areas around the house, either on the roof terrace (near to drying facilities) or in bathrooms. In the UK, all washing machines were located in the kitchen under the worktop.
Exceptions to the routine
The most common change to the laundry routine across the regions would be if visitors were coming to stay. In India it was common for family to come and stay for prolonged periods of time, which would increase the frequency of laundry from 2-3 times per week to almost daily.
Other factors that affected the routine would be going away (often for work purposes) and a change of lifestyle e.g. more sport or cycling to work.
Time
As a subtheme of Shove's (2003) 'when to launder' theme, the perception of time equates to an important factor to consider in the design of new products and services. In Brazil, there were three noticeable types of washing technique related to time; those that washed on the quickest setting because they wanted it as soon as possible; those that put it on the longest setting to clean the clothes more thoroughly; and those who were not bothered about time, putting the washing in and returning hours later to collect it. In India, the participants generally used the quickest wash setting, and in the UK, participants either used the quick wash or were not bothered about time.
Consumption
With the participants in the more intensive study, consumption patterns were focussed around the price and brand of the product, often recommended by other people and past experiences. Regarding the laundry, Brazilian and Indian participants bought the machine based on price, brand and energy rating; whilst the UK sample were less affected by brand or energy label, buying predominantly the cheapest machine. In many cases in the UK, the participants using the machine were not the original purchasers of the machine. This significantly affects the 'tools' used in the laundry process, with cultural variations having an influence over both the design and consequently the energy impact of the laundry process.
Generally speaking purchasing decisions were made based on previous experience, with a particular product getting re-purchased if it was available at a reasonable price and had performed its function to a satisfactory degree. This largely correlates with habit formation, with consumers sticking to a brand that they know works well especially if there is no specific reason to change. A change in purchasing decision would occur when the consumer was unhappy with the performance or believed an alternative was better based on their perceptions e.g. changing machine from vertical axis to horizontal axis.
"The brand is good and it works just fine for me" (BR01).
Perceptions
An important theme, significant to 'why' the laundry is done, is the perceptions related to the various processes involved in the laundry process. In Brazil and India, despite vertical axis machines being common, the perception by all-bar-one participant was that horizontal machines are better. There is little understanding as to why this might be the case, with little justification for the view point other than "I just heard that it's better" (BR03).
Perception of dirtiness was a factor that was varied between the samples in the different regions. One Brazilian participant always used the longest washing setting on the machine as she believed the other settings were not long enough to clean the clothes thoroughly. In contrast, a couple of Indian participants used the shortest setting because they believed the machine washed clothes to an unnecessary degree. The UK sample showed participants with both of these views.
The influence of other people was also a key factor in laundry behaviour. Generally, laundry was a deeply habitual behaviour with people just doing it because they had to and the way they were doing it was working just fine. Behaviour would only change if there was a problem.
Aspirations
In Brazil, despite vertical axis machines being by far the most common, nearly all participants wanted to own a horizontal axis machine. The common perception was that horizontal axis machines clean clothes better, are more water efficient and take up less space. However they were deemed expensive and of poor build quality in Brazil. The participants also preferred the fact that with vertical axis machines, garments could be added half way through a wash if they had forgotten to put something in. Many Brazilian participants also wanted to wash clothes in warm water due to a perceived better cleaning ability, particularly for whites and stains, however were concerned with the cost of the initial outlay for the machine and the cost of running it.
Most Indian participants were happy with their machines apart from those with vertical axis machines who wanted to change to horizontal axis.
Energy and Environment
In Brazil and India, participants actively sought to buy a machine that was 'A' rated on their respective appliance energy rating scales. However they did not think the washing machine was a particularly high consumer of energy in the household and therefore, after the initial purchase of an energy efficient machine, did not think there was anything else in their power to reduce consumption.
Participants in both Brazil and India were more concerned with the water efficiency of washing machines than the energy input. In Brazil, many participants monitored closely the amount of water they filled their vertical axis machine with. In contrast, the UK sample was more concerned with the energy of the appliance than the water consumption; however few participants changed their behaviour to save energy. Mostly, UK participants were concerned about the high energy consumption of the tumble dryer and in general tried not to use it too often.
Climate
A new theme based on the external environment and not obviously portrayed in the prior theory or Shove's 5 whirlpools of laundering (2003), is the climate. The weather played a major role in when the washing was done in all three regions. In all regions the majority of participants stated that they washed more in summer due to sweating more and changing clothes more often. Participants reacted differently to the need to wash with one Brazilian participant scrubbing clothes by hand in summer to remove all sweat, whereas one Indian participant suggested they only rinse clothes quickly as they do not consider them to be too dirty. Indian participants also suggested they washed more in summer due to the increased prevalence of dirt and dust on the street.
Experience
Previous experience was one of the main reasons for consumption patterns, particularly seen in the Indian participants. Participants either bought the same style of machine due to a positive past experience, or changed the machine due to negative past experiences. This was also true with washing in hot water, with participants suggesting that they had never used hot water before so could not be sure of the benefits. In this instance past experience could be overcome by the introduction of perceived benefits, as in the case of some
Brazilian participants who wanted hot water washing for its perceived benefits.
In most cases, current laundry behaviour was built up by previous experience with changes often occurring because of a shock negative result. One Brazilian participant suggested she learnt more about the washing process and her machine after she shrunk a jumper that she particularly liked, whilst a UK participant understood the correct filling amount based on previous experience and machine functionality:
"I try not to shove too much in, 'cos then it doesn't spin very well." (UK'02)

Discussion
The results from the study offer insights into a number of challenges and opportunities for designers by identifying factors that can help shape behaviour. Some factors relate to personal behaviours affected by independent elements, whilst other factors can be affected by the physical and social contextual environment. These factors are outlined in more detail below.
Cultural Significance vs. Cultural Independence
The analysis of the washing process in the three regions has highlighted elements of the process that are 'culturally significant' and elements that are 'culturally independent'. Cultural significance refers to the elements of the washing process that were common amongst the samples in their respective regions; often contextual factors at a macro level. Culturally independent elements refer to the differences between the individuals throughout the samples; often influenced by perceptions or experience. The following section explains these terms in more depth.
Culturally Significant Elements
Culturally significant elements identified included; the external environment, the influence of other people, consumption, tools, and inputs.
One key element that affected each sample group as a whole was the external environment.
This typically can be divided further into physical elements; the climate, and human elements; the built environment.
The climate is one of the main culturally significant factors that influenced the laundry behaviours in all three regions. Climate is a factor beyond human control that differs significantly from region to region. As a result, it influences people to behave in different ways as they interact and overcome the challenges it may throw at them at either end of the scale. In the samples, participants' altered the laundry behaviour based on the climate.
Laundry was often delayed on days where it would be difficult to dry outside, or on occasion the tumble dryer would be used. This is a clear factor that designers need to account for when developing products and services for different markets as a simple translation from one context to another may be irrelevant to that region; for example the lack of need or desire for tumble dryers in the Indian sample due to more reliable weather.
The other main influence of the external environment is the built environment. This refers to the area where a user lives and the affect that it can have on behaviours. In the laundry example, the sample shows us that it is common place for Brazilian households to have a 'laundry room'. This is often a designated room off to the side of the kitchen which contains the laundry machine, a sink and washboard, a cupboard with all the washing tools and utensils, and drying facilities. This single observation has a relevance on the laundry process between the three regions, however also builds on important information that designers need to be aware of. The infrastructure, type of house, building materials, layout etc. all play a significant role in routines around the house and their resource implications and therefore should be investigated by designers when creating products for different markets.
In India, participants altered their laundry behaviour due to the dust and dirt on the street, and this changed seasonally.
The Influence of other people also has a bearing on the particular process being examined.
In the case of laundry, the prevalence of home-help is something that varies in each region and affects the laundry procedure. In India and Brazil having home-help either daily or weekly is common, with the maid often asked to wash clothes, whilst in the UK this is not common.
Another important culturally significant element is consumption in the macro sense.
Consumption encompasses the price, marketing and costs (e.g. energy payments) within a region and is closely linked to average income. We can assume that the price of energy or water within a particular region will have an effect on the end user behaviour and thus the consumption of utilities is culturally significant. In the same way the marketing of a particular brand of detergent or machine will be different between regions, we can also look at average income and price of goods as factors that will differ culturally. Another area that will affect consumption is the implementation of any incentives or feedback schemes such as energy rating scales on washing machines.
Closely linked to consumption are the tools involved in the process. These are the instruments and artefacts used by the people in a selected group or region. Whilst the specific tool, for example brand of washing machine, may vary between individuals within a region, the overarching type or technology may be culturally significant. In this case we can look at the top loading machine being by far the most common type of machine in Brazil compared to the front loading machine in the UK, as well as the use of heated water in the UK compared to cold water in India and Brazil. This link to new technologies can significantly reduce the environmental impact of the behaviour. Previous research by Laitala et al. (2011) suggested that, with modern day detergents, washing at 30°C was just as effective and prolonged the life of clothing than washing at 40°C.
As a sub category of the tools of laundering we can also look at the inputs into the tool; in this case, the clothes that are being laundered. These differ from region to region in terms of the materials and dyes used and the fashion of particular areas affect how and when the laundry is done.
Culturally Independent Elements
Culturally independent elements identified included; perceptions, aspirations, senses, views, and income.
Culturally independent elements are those factors that are not representative of a region;
they are based on an individual's perceptions and behaviours and may be shared by people from different regions or groups. Interestingly the previous significant factors (external environment, other people, consumption, tools and inputs) may all have had an input in shaping the independent elements of an individual, but with greatly different results in each case. This is explained in more detail below.
A large part of the independent elements are made up by people's perceptions. These may be a perception of cleanliness or dirtiness, the perception of a brand, perception of effectiveness or perception of the process. An example would be the increased frequency of a wash between two participants because one perceived a garment to be dirtier than the other participant. The two participants might be from the same region, or from completely different areas or cultural contexts. These perceptions are predominantly built up by a wide variety of influences, namely; past experiences, upbringing, recommendations/observations of others, income; as well as the significant elements above; external environment, other people, consumption, tools and inputs. Ultimately these perceptions will change the way users behave, but will differ according to the individual.
Closely linked to perceptions and another independent factor influencing behaviour is aspirations. Similar to perceptions, aspirations are influenced by all the same factors; however, they deal with what the participant would rather have or aspire to do/have/behave.
As an example we could look at the Brazilian participants who owned a vertical axis machine but aspired to own a horizontal axis machine because of the perceived benefits it would bring.
Senses are also a major factor that makes up culturally independent elements. Participant's sense of smell, touch and sight, and the meanings they attributed to them, differed vastly between participants. Equally participant's views, such as their environmental views, played a huge factor in their behaviour and interaction with artefacts, which largely could not be attributed to a culture, context or region. Income was also an independent factor as this differs between households.
By identifying the elements that are common amongst a group of people and those which are independent we can start to understand how best to influence users' behaviour. We can begin to group individuals based on their washing technique and the factors that have influenced this technique, whilst we can also look at the significant elements of a region that can help us to design more appropriate products for an area.
The culturally significant elements offer us insights as to what we understand are the shared beliefs and behaviours of a group of people, whilst the culturally independent elements are beyond those boundaries; beliefs and behaviours that are independent of cultural context.
Understanding this link between the two entities governs how culture can really affect design. The factors introduced above give designers tangible elements to take into account when designing that tie into cultural dimensions and the social and individual choice models of behavioural theory.
Design Guidelines
The cultural factors identified above can help designers to build empathy within a particular context and therefore better identify behaviours that can be designed for. This, however, is only the first part of the challenge. The following 7 guidelines have also been created from the research which can help moderate more sustainable behaviour.
The 7 guidelines are a direct consequence of the research in the three contexts. Some of the guidelines may be familiar from other aspects of design or behaviour research, such as 'emotional durability' by Chapman (2005) , putting the user in control, or making the waste visible by Lilley (2007) . Due to their origins, the guidelines relate specifically to the laundry process, however, can provide concepts that can be transferred to other resource intensive household behaviours. Below the guidelines are listed with examples in each case to aid designers in the ideation process for products to reduce resource impacts during use. In India, some modern houses are designed to accommodate the washing machine on the roof terrace so that waste water can be filtered down through the house to other appliances or to water the plants in the garden (Figure 4) . By understanding the space, designers can steer users towards more sustainable behaviours from Table 1 such as minimising waste or re-using the resource in other applications -a process influencing behaviour through 'scripting' as described in the behavioural model of Wever et al. (2008) . depending on the use of the product and draws influence from functionality matching of Wever et al.'s model (2008) . In all three contexts, users fell into one of 2 categories; those that chose the cycle based on the time it took, and those that chose the cycle based on the most appropriate setting and senses such as smell. An intelligent design would learn if a user washed based on senses and changed the wash cycle to accommodate this. This drives sustainable behaviour by controlling the resource input and making the process the most efficient for the desired outcome. For example, a user may wash using the quickest setting on the machine, believing this to use the least energy, when in reality it may heat the water and use considerably more than an alternative setting.
4) Give the user control to influence the resource use of a process
(Is the user in control of the amount of energy and water used? Can the user add garments half-way through? Can the user choose the exact programs they desire?)
In Brazil, it was noted that the advantage of a vertical axis machine was to be able to add garments that had been forgotten half way through the wash. Vertical axis machines also give the user control by letting them manage the amount of water in the machine. Whilst the common aspiration was to have a horizontal axis machine, some of the control elements in a who state the more control a user has the more cognitive load the behaviour requires. As Table 1 in the literature suggests, giving the user control reduces the resource inputs into the system.
5)
Create a new emotional attachment between the user and the process (Does the user enjoy the process or hate the process? What would make them enjoy it more?)
Laundry will always be a chore; however importance should be given to making the process more enjoyable (not necessarily just easier!). Are there other connotations and stimuli that can be evoked by doing the laundry, for example, circulating the 'freshness' smell of laundry around the house to evoke positive sensory connotations. By engaging the user emotionally, they are more likely to use the product in the desired way or change their behaviour to a desired action, in this case a more sustainable behaviour, such as washing less frequently or using a natural detergent (Table 1) . Of course, emotional satisfaction with product use could lead to over use or more frequent wash cycles, something which the designer should consider -to ensure emotion is only targeted in a way to promote sustainable behaviour. At the very least, an emotional attachment between user and product will place more value on the relationship and decrease the rate of replacement and product obsolescence, a concept coined 'emotionally durable design' by Chapman (2005) . There are also connotations for engagement based on social norms, by reducing product obsolescence and building an emotional attachment becoming the norm in society as people prefer to fit into a social order, as identified by social theories e.g. Wilk (2002) In Brazil, free standing washing machines have to be installed by the user. Water is added in a visible way by the user where they have to attach the machine to the tap and turn it on, whilst watching the machine fill up to the desired level. Waste water from the machine then passes through a pipe that is placed in the sink. Users understand the inputs and outputs to the system and can see the waste ( Figure 5 ). By visually engaging the user, the product motivates the user to use less water. In this way, users are empowered to change to more sustainable behaviour by giving feedback on their actions, providing a feeling of competence of change and making the impact of their behaviours tangible (Heiskanen et al., 2010) . Real time aural or visual feedback can promote sustainable behaviours by avoiding misuse or confusion (Lilley, 2009) . Labelling products as 'A energy rated' implies to the user that they have done everything in their power to lower their resource impact, when in reality, it might not be best suited for their needs or identified behaviours. For example, a consumer may buy an 'A' energy rated tumble dryer to dry their clothes, when in reality, altering their routine or their environment may mean they can dry their clothes naturally, using no energy at all.
Conclusions
The research aimed to understand the opportunities that different cultural contexts can create for sustainable design, using laundry as an example to understand the complexities of everyday household behaviours. The identification of the various significant and independent cultural factors allows designers to build empathy within a context and helps understand the key areas that can be designed for when thinking about a new process; whilst the guidelines can suggest possible routes to creating solutions with desired behaviours (Figure 6 ). Figure 6 illustrates how the research can be used by designers looking to transfer behaviours between contexts. In this case the unfamiliar context can be understood by applying the cultural factors to research in the area. They provide not only a resource for relevant information to collect, but also which behaviours are susceptible to change and possible influences on these behaviours. The guidelines can then be utilised in the ideation and development process to affect changes to the design that will moderate behaviour.
Transferring behaviours between contexts may be possible if the various cultural factors can be aligned or designed to accommodate new contexts. For example, making the water use visible to users in the UK, as it is with participants in Brazil, may not mean introducing top loading machines into the area, but rather a subtle design feature that that allows the user to visualise the water use may be more suitable. The research is therefore not only relevant to laundry care design, but to a range of cross-cultural household behaviours. One example where the research could be utilised would be domestic thermal comfort, whereby researching culturally significant and independent factors will lead to ideation and inspiration for the transfer of less resource intensive behaviours in new heating and cooling systems in different contexts.
Both the cultural factors and the design guidelines have been identified based on the current study area of laundry behaviours within the household in three contexts; Curitiba, Brazil;
Bangalore, India; and Loughborough, UK. Neither is therefore an exhaustive list that can be used in all contexts for all behaviours; however both can be used as a platform to develop and further understand other aspects of cross-cultural behaviour in wider contexts.
The idea behind the above tools is not to give designers a rigid framework to adhere to, as by its definition, design is a fluid and flexible creative process; however the resources can assist in designing in cross-cultural contexts by providing themes to better identify with the user in a given context and guidelines to aid changes to predetermined desirable behaviours.
In this research the importance of empathy has been built upon by identifying cultural factors UNDERSTANDING THE CONTEXT DESIRED BEHAVIOURS GUIDING CHANGE Culturally Significant / Independent factors Sustainable laundry behaviours Figure 6 : Using the Resources developed that the designer can use to understand an unfamiliar context, whilst the guidelines enable the designer to affect changes, building on the research gaps identified in the introduction.
The resources developed within this research are linked to theories of behaviour and culture, typically used in organisational or business theory, such as Hofstede's cultural dimensions (1980) . Moving Hofstede's cultural dimensions from business communication to the design process is one way to engage with new markets. The implementation of Hofstede's dimensions, along with the resources developed in this research can assist in the ideation and evaluation of a design in a particular context. Designing solutions, such as community based washing systems, will not have the same impact in individualistic societies as in collectivist societies, which designers should be aware of. The research has shown that, with the right resources, designers can make use of cultural factors to innovate and create products for different cultural contexts. As well as a theoretical contribution of the impact of cultural contexts for designers, the process of doing the research has also contributed to new knowledge on household, and specifically, laundry behaviours of users in the UK, Brazil and India; a field typically dominated by quantitative technical testing in Europe and Japan.
Limitations and Further Study
Whilst the research contributes to the embryonic field of culture and design for sustainable behaviour, there are several limitations to conducting a global study of this kind. Generous grants from Santander and the Design Research Society allowed the research trips to be conducted in Brazil and India, however these were one-time only trips, and therefore data collection had to be curtailed to fit within the single visit. Using video and contextual immersion helped to alleviate some of the limitations of a single visit, however further studies could involve more prolonged research with participants and a greater number of participants from various socio-economic groups within the same region, to see if similar results would be found. The study was also conducted with small samples that could not be considered representative and therefore the guidelines are limited to the sample groups that were studied. It would therefore be beneficial to test the resources developed for other design for sustainable behaviour challenges, in other household areas such as lighting or heating.
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